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[57] 



ABSTRACT 



A cannula system for a biventricular cardiac support system 
or a cardiopulmonary bypass system wherein a first cannula 
having a pair of side-by-side lumens is adapted to be 
positioned within the left atrium and left ventricle and aorta 
of a patient Blood from the left atrium and left ventricle 
drains into one of the lumens in the first cannula and is 
conveyed to the inlet of a pulsatile flow cardiopulmonary 
bypass pump from where it is pumped through the other 
lumen into the aorta of the patient An inflatable balloon is 
provided at the distal end of the first cannula for holding me 
distal end of the cannula in the aorta above the aortic valve. 
The first cannula includes an axially extending bore com- 
municating with a space in the aorta between the inflated 
balloon and the aortic valve for conveying cardioplegic 
solution to the space communicating with the left and right 
arteries of the patient A second cannula having a pair of 
side-by-side lumens is adapted to be positioned within the 
right atrium and right ventricle and pulmonary artery of the 
patient Blood from the right atrium and right ventricle flows 
into one of the lumens in the second cannula and is conveyed 
to the pulsatile flow cardiopulmonary bypass pump from 
where it is pumped through the other lumen into the pul- 
monary artery of the patient 

9 Claims, 3 Drawing Sheets 
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CANNULA SYSTEM FOR A By this construction and arrangement, oxygenated blood 

BIVENTRICULAR CARDIAC SUPPORT bctaainedftom the left atrium and left ventricle into the first 

SYSTEM OR A CARDIOPULMONARY lumen of the first cannula and through a first tube to me inlet 

BYPASS SYSTEM side of the pomp; the second lumen of the first cannula is 

5 connected to a second tube extending from the outlet of the 

pump for supplying oxygenated blood to the aorta, and the 

BACKGROUND OF THE INVENTION blood from the right atrium and right ventricle flows into the 

In Applicant's co-pending application, Ser. No. 08/371, *? «™|» md *>™& a tobe 

964, SedJaT 12, 1995 Zrefe disclosed a biventricular ^? ndu « "f 1 "* f. ^fT**? second lumen 

pulsatile cardiac support system having a mechanically 10 second ca^sco M 

balanced stroke volume wherein a pair of side-by-side ^ ^ °^ et of **™J°i ^ ^ to me 

valvdess, compressible conduits extend through the com- P*™>™V artery, whereby both the nght and left lungs, as 

pression chamber of a pulsatile flow cardiopulmonary weU as the sy« arculaUon via the aorta receive yigor- 

bypass pump and a passivVe^or valve positioned at the ous flow ^ *fJpre-load responsive pulsatile 

Met andml outlet ofthe pump. The inlebtfthe conduits 15 m *™?X1^T ° U * * 

commiinicate with the righted left atria of the patient's . left ven f :lcs .° n * ^"^^J^; t0 Vf™* 

heart and the outlets of me conduits communicate ^th the ° V ^ du,g ^ nght ° r left slde ° f the drculato y 

pulmonary artery and aorta so that the volume of blood system, 

passing from the right atrium through the right ventricle, to ^ s y stcm toe present invention accomplishes total 

the pulmonary artery, is substantially balanced with the 20 cardiopulmonary bypass using the patient's own lungs for 

volume of blood passing from the left atrium through the left oxygenation, thus, eliminating the need for artificial 

ventricle to the aorta. oxygenators, and also the system can be employed for total 

mhiscontJnuedresearchandexperimentationmthefield Z^^J^^S^^^S t S^Sl 

of cardiac support systems, Applicant has invented a new „ J*?* not f < ? a ^ J "J 0 av0ld f cannula 

and irnprwedcannula to beVubstituted for the pairs of 25 P crforatlon of toc aQtta cardiopulmonary bypass, 

conduits inserted into the patient's heart as disclosed in the BRIEF DESCRIPTION OF THE DRAWINGS 

above-mentioned pending application. FIG. 1 is a diagrammatic view showing the use of the 

SUMMARY OF THE INVENTION cannula ofthe present invention in a cardiac support system; 

. , A . * • 30 HG. 2 is a perspective view of the cannula of the present 

ZT^J** t\ P« sen * « veilUon . C ?^T^ Mention for uTe oTthe left side of the heart; 

essentially, aplastic tube having a transverse, axially extend- ,„ , , . , „ „ ^7,^, ^ 

ing wall or partition at an end portion of the tube to thereby FIG. 3 is a view taken along line S-3 of FIG. 2; 

provide a pair of side-by-side first and second lumens. The FIG. 4 is a view taken along line 4-4 of FIG. 2; 

distal end of the transverse wall merges with the side wall of 35 FIG. 5 is a view taken along line 5—5 of FIG. 2; 

the tube, to thereby terminate and close the distal end of the FIG. 6 is a view taken along line 6 — 6 of FIG. 2; 

first lumen; a plurality of orifices are provided in the side no. 7 ^ a fragmentary, sectional view illustrating the 

wall of the tube communicating with the first lumen. The distal end of the cannula positioned within the aorta of a 

distal end of the second lumen has a large end orifice and a heart; 

plurality of smaller orifices in the side wall of the tube. An 40 FIG. 8 is a perspective view of the cannula of the present 

inflatable balloon is provided at the distal end of the second invention for use on the rigit side of the heart; and 

luinenposMoiiedbelowMdad^ mG 9 is a view taken along line 9-9 of FIG. 8. 

for selectively seating the second lumen in the ascending 

thoracic aorta or the pulmonary artery of the patient First DESCRIPTION OFTHE PREFERRED 

and second cannulas are adapted to be inserted into a 45 EMBODIMENTS 

patient's heart so that the side wall orifices in the first lumen Referring to the drawings and, more particularly, to FIG. 

of the first cannula communicates with the left atrium and l, the runnniaj; 1 and 2 of the present invention are adapted 

left ventricle of the patient and the distal end of the second to respectively communicate with the left ventricle and 

lumen in the first cannula is inserted into the ascending ascending thoracic aorta, and the right ventricle and pulmo- 

thoracic aorta of the patient, the balloon being inflated for 50 nary artery of a patient's heart The ranftnlft 1 communicates 

sealing the cannula in the aorta. The side wall orifices in the with a tube la connected to the inlet of a compressible 

first lumen of the second cannula communicates with the conduit 3, and a tube lb connected to the outlet of the 

right atrium and right ventricle of the patient and the distal compressible conduit 3. Similarly, the cannula 2 communi- 

end of the second lumen of the second cannula extends into cates with a tube 2a connected to the inlet of a compressible 

the pulmonary artery of the patient, the balloon being 35 conduit 4, and a tube 2b connected to the outlet of the 

inflated for seating the second cann u l a in the pulmonary compressible conduit 4. The compressible conduits 3 and 4 

artery of the patient. The first cannula inserted into the are of the type disclosed in Applicant's U.S. Pat. No. 

ascending thoracic aorta includes an axially extending bore 5,437,601, dated Aug. 1, 1995, and extend through external 

in the wall of the second lumen communicating with a inlet and outlet plate valves 5 and 6 of the type disclosed in 

chamber provided between the lower end of the inflated so U.S. Pat No. 5383,839, the disclosures of which patents are 

balloon and the aortic valve for supplying oxygenated blood mccrporated herein by reference. The portions of the com- 

and cardioplegic solution to the coronary arteries commu- pressible conduits 3 and 4 between the inlet and outlet valves 

nicaring with the heart muscle myocardium. 5 and 6 form sacks which extend through the compression 

The proximate end of each lumen in each cannula com- chamber of a pulsatile flow cardiopulmonary bypass pump 

mnnicates with a respective tube extending through the 65 7 of the type disclosed in U.S. Pat No. 4,553,532, dated 

compression chamber of a pre-load responsive pulsatile flow Nov. 19, 1985, which includes a moveable compression 

pump. plate 7a and a fixed plate 7b. 
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The details of the construction of the aorta cannula 1 arc ventricle will drain through the orifices 10a into the lumen 

illustrated in FIGS. 2 to 6 and comprise a plastic tube 8 10 communicating with the tube la connected to the inlet of 

having a transverse, axially extending wall or partition 9 to the compressible conduit 3, and the ventricles are thereby 

thereby form a pair of side-by-side lumens 10 and 11. Hie decompressed. The oxygenated blood is then pumped 

distal end of the transverse wall 9 merges with the side wall 5 through the outlet of conduit 3 and into tube lb communi- 

of the tube 8 as at 12, to thereby terminate and close the eating with the lumen 11 and out through the large end 

distal end of the lumen 10 at this point A plurality of orifice 11a and side wall orifices 112> where a vigorous, 

aspiration orifices 10a are provided in the side wall of the pulsatile flow of oxygenated blood of physiologic morphol- 

tube 8 communicating with the lumen 10. ogy is produced in the aorta and men distributed to all parts 

The lumen 11 extends the full length of the tube 8 and "> of the body, except the coronary arteries which are fed the 

terminates at its distal end with a large end orifice 11a and cold oxygenated cardioplegic solution through bore He, as 

a plurality of smaller orifices lib in the side wall of the tube noted above. 

8 communicating with the lumen 11. An inflatable balloon The cannula 2 is positioned so that the distal end of the 

11c is provided at the distal end portion of the lumen 11 cannula is placed in the pulmonary artery so that the balloon 

positioned below and adjacent to the side wall orifices Ub 15 16c is positioned above the pulmonic valve and then inflated 

for searing the lumen 11 in the ascending thoracic aorta, as to ensure closure of the exit to the right ventricle so that there 

shown in FIG. 7. An axially extending bore llo* is provided will be no regurgitation of blood into the right ventricle. The 

in the side wall of the tube 8 cominum'cating the interior of aspiration orifices 15a are positioned in the right atrium and 

the balloon 11c with a source of an inflation medium (not right ventricle so that blood will drain therefrom into the 

shown) which can consist of air, physiologic saline, nitrous 20 orifices 15a through the lumen 15 communicating with tube 

oxide, helium, and the like. Another axially extending bore 2a connected to the inlet of compressible conduit 4. The 

He is provided in the side wall of the tube 8 communicating blood is then pumped through the outlet of conduit 4 into 

with a chamber 12 defined by the lower end wall of the tube 2b communicating with the lumen 16 to the pulmonary 

balloon 11c and the aortic valve. The chamber 12 commu- artery. Hence, both the right and left lungs, as well as the 

nicates with the left and right coronary arteries of the patient 25 systemic circulation via the aorta, receive vigorous pulsatile 

which supply the myocardium with oxygenated blood and flow from the pre-load responsive pulsatile pump 7 which 

cardioplegic solution. A cold cardioplegic solution, such as automatically balances the output from the right and left 

the patient's blood plus potassium, is introduced by the ventricles on a beat-by-beat basis so that there is no problem 

operative team into the chamber 12 through the bore 11c, of overloading either the right or left side of the drculatoxy 

making cannulation of the orifices of the coronary arteries 30 system. 

unnecessary, to thereby both cool the myocardium to dimin- *fhe cannulas 1 and 2 can be provided with corrugated 

ish oxygen demand, and to arrest the heart in diastole for the portions lc and 2c to not only facilitate the manipulation of 

benefit of the surgeon during cardiac surgical procedures. this portion of the cannula, but also to vary the effective 

The construction of the cannula 2, as shown in FIGS. 8 length of the cannulas to fit the patient's heart dimensions, 

and 9, is similar to mat of cannula 1 and comprises a plastic 35 From the above description, it will be appreciated by 

tube 15 having a transverse, axially extending wall or those skilled in the art that the system of the present 

partition 14 to thereby form a pair of side-by-side lumens 15 invention accomplishes total cardiac support using the 

and 16. The distal end of the transverse wall 14 merges with patient's own lungs to oxygenate the blood, to thereby 

the side wall of the tube 13, as at 17, to thereby terminate and reduce the degree of hemodilution by eliminating the need 

dose the distal end of the lumen 15 at this point A plurality for artificial oxygenation. 

of aspiration orifices 15a are provided in the side wall of the The vigorous pulsatile flow produced by the system of the 

tube 13 communicating with the lumen 15. present invention reduces the incidence and severity of 

The lumen 16 extends the full length of the tube 13 and memory deficit post myocardial revascularization surgery 

terminates at its distal end with a large end orifice 16a and 4J by successful delivery of physiologic pulsatile flow to the 

a plurality of smaller orifices 16b in the side wall of the tube brain, and the reduction in the degree of hemodilution, 

13 cornmunicaring with the lumen 16. An inflatable balloon thereby enhancing the oxygen carrying capacity of the 

16c is provided at the distal end portion of the lumen 16 blood. 

positioned below and adjacent to the side wall orifices 16b. The system of the present invention also precludes the 

Inflation of the balloon 16c is accomplished by an axially ^ customary perforation of the aorta by a cannula, thus pre- 

extending bore 16d provided in the wall of the tube 13 venting embolization of plaque material to the brain and also 

comnmnicating the balloon 16c with a source of inflation. possible hernorrhage. 

Cannula 2 does not require a cardioplegic line; such as bore B is to be understood that the form of the invention 

lie in cannula 1. herewith shown and described is to be taken as a preferred 

Referring to FIG. 1, the cannula 1 is placed in the system 55 example of the same, and that various changes in the shape, 

by guiding the distal end of the cannula into the ascending size, and arrangement of parts may be resorted to, without 

thoracic aorta, inflating the balloon 11c to anchor the can- departing from, the spirit of the invention or scope of the 

nula in place and positioning the aspiration orifices 10a in subjoined claims, 

the left atrium and left ventricle. The cannula 2 is similarly 1 claim: 

placed in the system by guiding the distal end thereof into gj \.ln combination, a cannula for use in a biventricular 

the pulmonary artery, inflating the balloon 16c to anchor the cardiac support system or a cardiopulmonary bypass system 

cannula in place, and positioning the aspiration orifices 15a and a pulsatile flow cardiopulmonary bypass pump, said 

in the right atrium and left atrium. pump having an inlet and an outlet and a compression 

The cannula 1 and 2 are guided into place by the surgeon chamber mtcrmediate the inlet and outlet of said pump, said 

employing a conventional guide mechanism used in fiber 65 compression chamber including a moveable conmression 

optic hardware under echocardiography visualization. plate, a pair of side-by- side externally valved, compressible 
When in place, oxygenated blood in the left atrium and left conduits extending through said compression chamber and 
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under said compression plate, each conduit having an inlet aortic valve and adapted to engage the interior wall of the 

and an outlet, a passive exterior valve positioned at the pump ascending thoracic aorta, and a second axially extending 

inlet and outlet, said pair of side-by-side conduits extending bore provided in the side wall of the tube adapted to convey 

through said valves, said compressible conduits having an oxygenated cardioplegLC solution to the exterior of the 

portions extending between the inlet and outlet valves 5 tube in the space between the aortic valve and the inflated 

farming sacks, the valve at the pump inlet being positioned balloon communicating with the left and right coronary 

downstream from the inlets of said conduits, the valve at the arteries of the patient for supplying oxygenated blood to the 

pump outlet being positioned upstream from the outlets of heart muscle myocardium, the proximate end of said first 

said conduits; said cannula comprising first cannula means lumen being connected to said first tube, and the proximate 

having a pair of side-by-side first and second lumens 10 end of said second lumen being connected to said second 

adapted to communicate with the left atrium, left ventricle, tube. 

and aorta of a patient, and second cannula means having a 3. The combination according to claim 1, wherein said 
pair of side-by-side first and second lumens adapted to second cannula means comprises an elongated tube having 
communicate with the right atrium, right ventricle, and a side wall and a proximate end and a distal end, a 
pulmonary artery of the patient, a first tube connecting said 15 transverse, axially extending wall having a distal end and 
first lumen of the first cannula means to the inlet of one of mounted within said tube for dividing the tube into said first 
said compressible conduits, a second tube connecting the lumen and said second lumen, the distal end of the trans- 
second lumen of said first cannula means to the outlet of said verse wall merging with the side wall of the tube substan- 
one compressible conduit, a third tube connecting the first daily intermediate the proximate and distal ends of said tube, 
lumen in said second cannula means to the inlet of the other 20 to thereby terminate and close the distal end of said first and 
of said compressible conduits, a fourth tube connecting the second lumen, a plurality of aspiration orifices in the side 
second lumen in said second cannula means to the outlet of wall of said tube communicating with said first lumen, said 
other of said compressible conduits, whereby when the inlet first lumen being adapted to be positioned within the right 
valve is open and the outlet valve is closed blood flows from atrium and right ventricle of the patient, the second lumen 
the left atrium, left ventricle, right atrium, and right ventricle 25 extending the full length of said tube, a large end orifice at 
through the inlets of the side-by-side conduits into the sack the distal end of said second lumen, a plurality of smaller 
portions of the conduits underneath the pump compression orifices in the side wall of the tube communicating with said 
plate, to thereby push the compression plate upwardly until second lumen adjacent the distal end thereof, the distal end 
at least one of the sacks is filled, whereupon the compression of said second lumen being adapted to be positioned within 
plate descends to compress the sacks, thereby pumping the 30 the pulmonary artery of the patient, the proximate end of 
blood out of the conduits simultaneously while the inlet said first lumen being connected to said third tube, and the 
valve moves to the closed position and the outlet valve proximate end of said second lumen being connected to said 
moves to the open position, whereby the pumping rate is fourth tube. 

automatically varied as a function of the filling pressure, to 4. The combination according to claim 3, wherein an 

thereby substantially balance the volume of blood passing 35 inflatable balloon is connected to the distal end of said 

from the right atrium and right ventricle to the pulmonary second lumen, said balloon being positioned below and 

artery with the volume of blood passing from the left atrium adjacent to said plurality of smaller orifices, an axially 

and left ventricle to the aorta. extending inflation bore provided in the side wall of the tube 

2. The combination according to claim 1, wherein said communicating with the balloon for inflating said balloon, 

first cannula means comprises an elongated tube having a 40 whereby the inflated balloon is adapted to engage the 

side wall and a proximate end and a distal end, a transverse, interior wall surface of the pulmonary artery, 

axially extending wall having a distal end and mounted 5. The combination according to Haim 1, wherein the first 

within said tube for dividing the tube into said first lumen and second cannula means are provided with corrugated 

and said second lumen, the distal end of the transverse wall wall portions to facilitate the manipulation of the rannnia 

merging with the side wall of the tube substantially inter- 45 means and to vary the effective length of the first and second . 

mediate the proximate and distal ends of said tube, to cannula means to fit the patient's heart dimensions, 

thereby terminate and close the distal end of said first lumen, <5. The combination according to claim 1, wherein the first 

a plurality of aspiration orifices in the side wall of said tube cannula means precludes the necessity of insertion of a 

communicating with said first lumen, said first lumen being cannula through the aortic wall, thereby diminishing the 

adapted to be positioned within the left atrium and left so propensity to embolic phenomena caused by aortic perfora- 

ventride of the patient, the second lumen extending the full tion. 

length of said tube, a large end orifice at the distal end of said 7. The combination according to claim 1, wherein the 

second lumen, a plurality of smaller orifices in the side wall second cannula means precludes the necessity of insertion of 

of the tube communicating with said second lumen adjacent a cannula through the pulmonary artery, 

the distal end thereof, an inflatable balloon connected to the 55 8. The combination according to claim 1, wherein the first 

distal end of said second lumen, said balloon being posi- cannula means precludes the necessity of perforating the left 

tioned below and adjacent to said plurality of smaller ventricle wall for venting. 

orifices, a first axially extending inflation bore provided in 9. The combination according to claim 1, wherein the 

the side wall of the tube communicating with and adapted to second cannula means precludes the necessity of perforating 

inflate the balloon, the distal end of said second lumen being 60 the right ventricle wall for venting, 
adapted to be positioned within the ascending thoracic aorta 

of the patient with the inflated balloon spaced above the ***** 
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